TIMP3 is Regulated by Pericytes upon Shear Stress Detection Leading to a Modified Endothelial Cell Response.
Atherosclerosis is a hallmark of cardiovascular disease. Shear stress on endothelial cells has been linked to atherogenesis and to fibrous cap thinning and rupture. Pericytes reside in the sub-endothelial space of vessels and have vasoprotective effects. They are subjected to shear stress when endothelial cell integrity is disrupted. The aim was to investigate the susceptibility and response of pericytes to shear stress. Endothelial cells and pericytes were seeded in two dimensional monocultures and co-cultures, and in a novel three dimensional co-culture system and were subjected to no, low and high shear stress (0, 10, 30 dyne/cm2) for 48 h. The morphological response to flow was assessed by histology and the expression of extracellular matrix proteins was analysed using quantitative polymerase chain reaction, immunoblotting, and ELISA. While endothelial cells aligned into flow direction, pericytes aligned perpendicularly (p < .001), indicating that they must be capable of sensing flow. When pericytes were embedded into a 3D matrix they showed similar alignment and pericytes built long processes towards the lumen. Under shear stress endothelial cells upregulated "a disintegrin and metalloproteinase with thrombospondin motif 1" (ADAMTS-1) (p < .01) and pericytes upregulated "tissue inhibitor of matrix metalloproteinase" (TIMP) 3 (p < .05), an inhibitor of ADAMTS-1, meanwhile differential expression of extracellular matrix (ECM) proteins could be detected in co-cultures of both cells. For TIMP3 expression direct cell-cell contact between endothelial cells and pericytes was required. The experiments highlight that pericytes are able to sense direct flow thereby regulating ECM proteins known to be involved in vascular remodelling. Furthermore, pericytes counter-regulate endothelial ADAMTS-1 by protective TIMP3 expression to prevent matrix degradation and maintain vascular stability. For this protective effect direct cell contact was necessary. This observation might represent an adaptive, protective mechanism of pericytes to counteract endothelial damage in the onset of atherosclerosis.